Online assessment of risk factors for dementia and cognitive function in healthy adults by Huntley, J et al.
  
Online assessment of risk factors for dementia and cognitive function in healthy adults 
 
J Huntley PhDa*, A. Corbett PhDb, K Wesnes PhDbc, H Brooker BScc, R Stenton BScd, A Hampshire PhDe, C 
Ballard MDb 
 
aDepartment of Old Age Psychiatry, Institute of Psychiatry, Psychology and Neuroscience, King’s College 
London, UK. bUniversity of Exeter, Exeter, UK. cWesnes Cognition, UK. dManta Software Ltd, Cambridge, 
UK. eDivision of Brain Sciences, Imperial College London, London, UK.  * corresponding author. 
 
Author Accepted manuscript 
Key Points 
1) This paper analyses a large dataset of 14201 individuals to assess whether known modifiable risk 
factors for dementia are associated with cognitive performance in non-demented individuals in late 
midlife and older age (over 50 years). 
2) Higher educational achievement, the presence of a close confiding relationship, moderate alcohol 
intake and exercise were significantly associated with better cognitive performance. 
3)  A diagnosis of depression, history of stroke and being underweight were significantly negatively 
associated with cognitive performance  
4) This study provides further support for public health interventions that seek to manage modifiable 
risk factors for dementia across the lifespan.  
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 Abstract 
Objective:  Several potentially modifiable risk factors for cognitive decline and dementia have been 
identified, including low educational attainment, smoking, diabetes, physical inactivity, hypertension, 
midlife obesity, depression, and perceived social isolation.  Managing these risk factors in late midlife 
and older age may help reduce the risk of dementia, however it is unclear whether these factors also 
relate to cognitive performance in older individuals without dementia.  
Method: Data from 14201 non-demented individuals aged > 50 years who enrolled in the online 
PROTECT study were used to examine the relationship between cognitive function and known 
modifiable risk factors for dementia.  Multivariate regression analyses were conducted on four cognitive 
outcomes assessing verbal and spatial working memory, visual episodic memory and verbal reasoning. 
Results: Increasing age was associated with reduced performance across all tasks.  Higher educational 
achievement, the presence of a close confiding relationship and moderate alcohol intake were 
associated with benefits across all four cognitive tasks, and exercise was associated with better 
performance on verbal reasoning and working memory tasks.  A diagnosis of depression was negatively 
associated with performance on visual episodic memory and working memory tasks, whereas being 
underweight negatively affected performance on all tasks apart from verbal working memory.  A history 
of stroke was negatively associated with verbal reasoning and working memory performance.   
Conclusion:  Known modifiable risk factors for dementia are associated with cognitive performance in 
non-demented individuals in late midlife and older age.  This provides further support for public health 




Dementia is currently the commonest cause of mortality in the UK (Patel 2016).  There are currently no 
disease modifying agents available and despite early promise, recent phase 3 pharmaceutical trials have 
been disappointing (Doody et al. 2014).  There is therefore an urgent need for effective primary 
prevention and several factors have been recognized as important during mid-life that may increase the 
risk of developing dementia.  A recent analysis has calculated population-attributable risks (PAR) of 
Alzheimer’s disease on seven potentially modifiable risk factors for dementia.  The highest PAR was for 
low educational attainment, followed by smoking, physical inactivity, depression, midlife hypertension, 
diabetes and midlife obesity (Norton et al. 2014).  Although the prevalence of dementia continues to 
grow, both globally and in the UK, recent data suggests that the rate of increase may be slowing in some 
developed countries (Matthews et al. 2016).  An explanation for this may be the recognition and 
reduction of modifiable risk factors across the life course. It is clear that the strongest risk factor for 
cognitive decline and dementia is age (Niu et al. 2016); however it is unclear how early modifiable 
factors such as cerebrovascular risk factors, depression, and lifestyle factors such as exercise and 
education impact on cognitive function.  Therefore there is interest in how early these modifiable risk 
factors should be targeted to reduce dementia risk and improve cognitive function (Norton et al. 2014).  
Resilience to dementia has been formulated in terms of ‘cognitive reserve’, described as the ability of 
the brain to tolerate the neuropathological effects of Alzheimer’s disease or cerebrovascular disease 
processes, without demonstrating cognitive or functional decline (Stern 2012).  It is increasingly 
recognized that many of these underlying neuropathological processes  take place many years before 
the clinical onset of dementia (Ritchie et al. 2016), and neuroimaging techniques, such as amyloid PET 
imaging have demonstrated characteristic patterns of beta amyloid deposition years before cognitive 
deficits are apparent (Villemagne et al. 2013).  The recognition that neuropathological processes may 
begin in late mid-life has increased the focus on preventative approaches to target recognized 
modifiable risk factors for dementia.  What is less clear though, is how these risk factors may impact on 
cognitive function in patients without known cognitive impairment or dementia.  Although each of these 
risk factors have been found to potentially increase risk of developing dementia, it is important to 
establish whether they significantly affect cognitive function either independently or in combination 
prior to the development of dementia.  There is evidence that episodic memory and reasoning are 
particularly sensitive to age-related decline (Ferreira et al. 2015), however it is unclear if known risk 
factors for dementia specifically affect these cognitive domains. 
The PROTECT Study is an online platform to investigate genetics and cognitive function in ageing.  The 
aim is to conduct a 10- year longitudinal study with annual assessment of cognitive function, lifestyle 
and medical history in order to predict cognitive trajectory and risk.  The use of an online platform for 
data collection enables the recruitment of very large numbers of people, and examination of the 
baseline data provides an opportunity to assess whether the presence of potentially modifiable risk 
factors in the study population contributes to cognitive function.  This study will address the question of 
whether recognized risk factors for dementia are associated with cognitive function in healthy 
individuals > 50 years. 
 
Method 
Study Design and participants: Cross-sectional analysis of data from the ongoing online PROTECT Study 
(www.protectstudy.org.uk), a cohort of adults aged 50 and over, launched in November 2015.  Inclusion 
criteria were adults over the age of 50 years, who live in the UK, have a good working understanding of 
English and are able to use a computer with Internet access.  An established diagnosis of dementia was 
an exclusion criteria for the study. The study was widely publicized in the national media, in addition to 
recruitment via established cohorts of older adults. Potential participants registered via the online 
website and downloaded the study information sheet.  If they wished to participate in the study they 
read and signed an online consent form through an ethically approved online process.   
 
Demographic, lifestyle and medical data collection: Following enrolment into the study, participants 
completed a series of online baseline questionnaires regarding demographic and lifestyle information.  
These included baseline demographic information on age, gender, education, ethnicity, medical history 
and current medication and a lifestyle questionnaire. For the current analysis, responses to items in the 
online questionnaires that provided data on the presence of risk factors for dementia were included.  
These factors were education, smoking, depression, physical activity, perceived social isolation, 
hypertension, diabetes and obesity.  Additional factors in the data set that were hypothesised as being 
potentially relevant were also included, namely alcohol use, age, a diagnosis of heart disease or stroke, 
marital status and gender.  Please see supplementary materials for further description of the risk factor 
variables. 
 
Cognitive assessment:  Cognitive assessment was conducted using a validated online cognitive test 
package consisting of four tasks (Corbett et al. 2015):  1) The Paired Associate learning task (PAL) (Owen 
et al. 1993) to assess visual episodic memory.   2) Self-Ordered-Search task (Owen et al. 1990) assessing 
spatial working memory (SWM).  3) Digit span task (DS) (Huntley et al. 2017) assessing verbal working 
memory. 4) Grammatical Reasoning task (Baddeley 1968) assessing verbal reasoning (VR). Participants 
were asked to complete each task on three occasions during one week to provide a baseline 
assessment. Please see supplementary methods for further details of the cognitive tasks. 
 
Statistical analysis: Hierarchical multivariate regression analyses were conducted.  Separate analyses 
were conducted with summary scores on each of the four cognitive measures as the dependent 
variable.  Independent variables were included into the model in a hierarchy based on known risk 
factors for dementia from the literature (Norton et al 2014).  For all variables with ordinal responses, 




Between November 2015 and April 2016, 14,201 participants were recruited into the study and 
completed all baseline cognitive tasks and baseline questionnaires enabling them to be included in the 
analysis.  Demographics of the study participants are shown in Table 1. The mean age of participants 
was 62.05 (SD 7.14), range 50-101.  As shown in Table 1, the participants were 71.5% female, 98.3% 
white, 68.5% married, 48.2% retired and 84.1% had completed at least A-level education.  Participants’ 
responses to the questions relating to each of the risk factor variables are shown in Table 2 and mean 
cognitive scores are shown in Supplementary Table 1. 
Overall model Summary 
Results of the hierarchical model summaries for each of the cognitive variables are shown in 
supplementary tables 2 - 5.  For all four cognitive tasks the largest change was between model 8 and 
model 9 i.e. the addition of the age, gender, alcohol, marital status, stroke and heart disease variables.    
The overall model with all variables included was significant for all four cognitive tasks (Digit span 
adjusted R Square 0.037, F (39, 14199) = 14.859, p < 0.001; paired associates task, adjusted R square 
0.055, F (39, 14200) = 22.122, p < 0.001;  verbal learning task, adjusted R square 0.127, F (39, 14199) = 
53.767, p< 0.001;   spatial working memory task,  adjusted r square 0.056, F (39, 14200) = 22.487, P < 
0.001). 
Analysis of independent variables 
Age and gender 
Increasing age was significantly associated with reduced performance on all cognitive tasks.  Compared 
to the youngest age group (50-54 years), each increase in five-year age band was associated with 
increasingly poor cognitive performance, with the exception of the oldest age group (>90 years).  Female 
gender was associated with poorer performance on the PAL (β = -0.035, p = 0.012), DS (β = -0.142, p < 
0.001) and SWM (β = -0.453, p < 0.001).   Individual regression coefficients for each independent 
demographic variable and cognitive task are shown in Table 3. 
Education 
For all four cognitive tasks there was a significant effect of education.  Compared to the lowest level of 
education (GCSE), undergraduate (PAL β = 0.098 (SE 0.019) p < 0.001; VR β = 4.828 (SE 0.218) p < 0.001; 
DS β = 0.275 (SE 0.035) p < 0.001; SWM β = 0.400 (SE 0.055) p < 0.001) postgraduate (PAL β = 0.043 (SE 
0.021) p < 0.05; VR β = 4.845 (SE 0.251) p < 0.001; DS β = 0.298 (SE 0.041) p < 0.001; SWM β = 0.174 (SE 
0.063) p < 0.001) and doctorate  (PAL β = 0.102 (SE 0.036) p < 0.01; VR β = 6.460 (SE 0.422) p < 0.001; DS 
β = 0.387 (SE 0.069) p < 0.001; SWM β = 0.506 (SE 0.106) p < 0.001) level of education were all 
associated with higher cognitive scores across all tasks.  A-Level education was associated with higher 
performance in all tasks except spatial working memory and a vocational qualification was associated 




Smoking was significantly associated with a higher score on verbal reasoning (β = 0.421 (SE 0.144) p = 
0.003), but had non- significant negative effects on paired associates learning and spatial working 
memory.  Recent physical exercise was associated with a significantly higher performance on verbal 
reasoning (β = 1.095 (SE 0.151) p < 0.001) and digit span (β = 0.130 (SE 0.025), p < 0.001). Drinking 
alcohol at least once per week was associated with greater performance on all four tasks compared to 
no alcohol intake (PAL β = 0.074, p = 0.003; VR β = 1.101, p < 0.001; DS β = 0.1, p = 0.036; SWM β = 
0.238, p = 0.001).  Drinking alcohol between once a month and once per week was also associated with 
improved performance on the PAL (β = 0.057, p = 0.046) and SWM (β = 0.170, p = 0.043) compared with 
not drinking alcohol (Table 4). 
Medical factors 
A diagnosis of depression was significantly associated with poorer performance on all tasks (PAL β = -
0.049 (SE 0.014) p < 0.001), DS β = -0.115 (SE 0.027) p < 0.001), SWM β = -0.199 (SE 0.041) p < 0.001), 
except verbal reasoning. Similarly, a history of a stroke was negatively associated with performance on 
all tasks (VR β = -2.263, p < 0.001; DS β = -0.202, p = 0.033; SWM β = -0.423, p = 0.004) except the PAL. 
There was no significant association between heart disease or self-reported hypertension and cognitive 
performance, and a diagnosis of diabetes was only negatively associated with performance on the SWM 
task (β = -0.230, p = 0.014) (Table 4).  Analysis of BMI demonstrated that compared to being within the 
normal BMI range, being underweight was significantly negatively associated with performance on all 
cognitive tasks except digit span (PAL β = -0.131, p = 0.025; VR β= -1.725, p = 0.013; SWM β = -0.422, p = 
0.015).  There were no effects of being overweight or very obese, although being obese was negatively 
associated with performance on the DS task (β = -0.101, p = 0.003) (Table 4). 
 
Social factors 
Compared to being married, being widowed was associated with increased score on PAL (β = 0.054, p = 
0.036) and SWM (β = 0.204, p < 0.01), being divorced was associated with increased score on VR task (β 
= 0.513, p = 0.029), and being single was associated with increased score on the Verbal reasoning (β = 
0.869, p = 0.005) and digit span task (β = 0.147, p = 0.003) (Table 3).  The absence of a close confiding 
relationship was significantly associated with poorer performance on all four cognitive tasks, with 
significant improvements on all cognitive tasks seen with participants who responded that they had 
been in a confiding relationship ‘rarely’ (PAL β = 0.073, p = 0.042), VR β = 2.645,  p < 0.001); DS β = 
0.184, p = 0.008; SWM β = 0.273,  p = 0.01); ‘sometimes’ (PAL β = 0.064, p = 0.012; VR β = 2.716, p < 
0.001; DS β = 0.228, p < 0.001; SWM β = 0.362, p < 0.001); ‘often’ (PAL β = 0.072, p = 0.006; VR β = 
2.261, p < 0.001, DS β = 0.249, p < 0.001; SWM β = 0.390, p < 0.001) or ‘very often’ (PAL β = 0.96, p < 
0.001, VR β = 2.417, p < 0.001.;DS β = 0.255, p < 0.001; SWM β = 0.435, p < 0.001) (Table 4). 
 
Discussion 
This study examines whether recognized risk factors for dementia are associated with cognitive function 
in a large cohort of healthy adults over 50 years of age, and reveals a number of trends relating to risk 
and cognitive performance.  Perhaps unsurprisingly age was a significant contributor to cognitive 
function, with each five-year increase in age group, except for the > 90 year group, associated with a 
significant reduction in score on all four cognitive tasks, compared to the youngest age group. This 
finding builds on previous studies which have demonstrated an age effect across a range of cognitive 
domains including processing speed, episodic memory and executive function (Gunstad et al. 2006), and 
adds robust data from a very large cohort of adults in late midlife. This also provides important validity 
to the online assessment approach, in parallel with the recently published validation of other online 
cognitive tests being used in this study (Wesnes et al. 2017). 
Education and Lifestyle factors 
Educational attainment was significantly positively associated with cognitive performance.  Previous 
studies have demonstrated the importance of education as a risk factor for dementia (Valenzuela, 
Sachdev 2006), however there are inconsistencies in the literature regarding what constitutes ‘low’ or 
‘high’ levels of education. (Sharp, Gatz 2011). The sample in the current study is a highly-educated 
population, as the lowest level of education represented (and reference group in the analysis) is GCSE 
level (i.e. education up to age 16) which may highlight the challenge of targeting lower educated groups 
for intervention.  The finding that higher education, particularly to a postgraduate level is associated 
with higher cognitive performance is unsurprising, however nonetheless provides further impetus for 
the importance of continuing education at a population level.  
The positive effects of exercise and moderate alcohol intake on cognitive function have been previously 
documented.  Physical inactivity has been estimated to account for a worldwide population attributable 
risk of dementia of 12.7% (Norton et al. 2014).  The effects of physical exercise on cognition and 
dementia prevention are likely to be related to both indirect effects of exercise on other modifiable 
cerebrovascular risk factors and direct effects on hippocampal neurogenesis (Erickson et al. 2011), 
cerebral blood flow and neurotropic growth factors (Brown, Peiffer & Martins 2013). There is evidence 
that moderate alcohol intake (described as up to 15.0g of alcohol (about one drink) per day) can be 
associated with some cognitive benefits compared to non-drinkers (Stampfer et al. 2005, Ruitenberg et 
al. 2002) and our findings that there were benefits of drinking once per week would be in keeping with 
this and previous studies (Britton, Singh-Manoux & Marmot 2004).  It is important to note that this 
analysis provides no information on drinking more heavily and there is evidence that excessive alcohol 
intake is significantly detrimental to cerebrovascular health (Klatsky, Armstrong & Friedman 1989). It is 
also notable that smoking was not significantly negatively associated with poorer cognitive function in 
this sample, and indeed was associated with a greater score on the verbal reasoning task.  Previous 
studies have suggested that nicotine may be associated with improved cognitive function (Rezvani, Levin 
2001) which may in part explain this result.   
Social factors 
A more surprising result was the strong association between a lack of a close confiding relationship 
during adult life and cognitive ability.  A perceived sense of social isolation has been found to be 
associated with impaired cognitive function (Cacioppo, Hawkley 2009).  Previous studies have 
demonstrated that perceived social isolation is related to the quality rather than quantity of social 
interaction (Hawkley et al. 2008) and feelings of loneliness, rather than social  isolation per se, have  
been shown to predict cognitive decline and risk of Alzheimer’s disease (Wilson et al. 2007, Holwerda et 
al. 2014). Marital status was included in the model as an objective marker of some degree of social 
support, and these results therefore suggest that a subjectively close relationship is important in 
maintaining cognitive function.  It is difficult to assess the causal relationship between perceived social 
isolation and cognition, and there is evidence that cognitive decline and early dementia may lead to 
increasing social isolation (Cohen-Mansfield, Shmotkin & Goldberg 2009), however there is also 
evidence that experimental manipulation of perceived loneliness can affect cognition in the absence of 
change in objective isolation (Baumeister, Twenge & Nuss 2002). Further research into the impact of 
subjective loneliness and isolation on cognitive decline would be useful.  The increasing context of 
online social engagement and its potential to reduce perceived and objective social isolation in older 
adults also requires further investigation.    
 
Medical factors 
In terms of cerebrovascular and cardiovascular health and risk factors, a diagnosis of a stroke was 
associated with poorer performance on the verbal reasoning and working memory tasks, however there 
was no effect of hypertension or heart disease in this sample, and a diagnosis of diabetes was only 
associated with negative performance on the spatial working memory task.  It is possible that the effects 
of cerebrovascular risk factors only become clinically apparent at a stage when they have contributed to 
more significant cerebrovascular disease and damage, and in this context it is perhaps unsurprising that 
there were no effects of these risk factors on cognitive function when examined independently and with 
the effects of age separately modelled.  This study also found that obesity was only negatively 
associated with one cognitive task, whilst being underweight had significantly negative effects on short 
term memory, verbal reasoning and spatial working memory.  This is in keeping with literature that 
suggests that being under-nourished can have significant effects on cognition (Sabia et al. 2009).   
The gender effects found in this study are in keeping with literature that suggests that older men have 
advantages in visuospatial function, whilst women have advantages in language and processing speed 
which were not assessed in this study (Parsons et al. 2005).   
The PROTECT study has been successful in recruiting a very large cohort of individuals and provides a 
rich source of data, however the study has several limitations.  Firstly, all data on lifestyle, social and 
medical factors was self-reported by individuals in their own homes.  It is therefore not possible to 
objectively verify the accuracy of some of the responses, and this issue is likely to impact most heavily 
on medical factors such as hypertension and depression which may not have received a formal 
diagnosis, or indeed be accurately reported by the individual. 
Data on exercise and other lifestyle factors is based on a purposely brief lifestyle questionnaire that 
provides initial indications of the behavior and activities of the cohort. Whilst valuable, this limits the 
depth of the data, and therefore warrants further investigation of individual factors through future 
research. For example, it would be interesting to explore regularity and type of physical exercise across 
the cohort in order to build on the data reported here.  Similarly, the confiding relationship statement 
‘since the age of 16 I have had a close confiding relationship’, encourages a subjective and categorical 
response, and there is no further objective data in the current data set on loneliness or social isolation 
to explore this variable further.  It should also be noted that the overall sample is self-selected, and 
represents a skewed sample in which white, highly-educated women are overrepresented. Whilst this 
may limit the overall generalizability of the findings, the results still provide important information on 
the effects of these risk factors on cognition in a very large study population. It also provides valuable 
insight into a self-selecting cohort who are most likely to engage with online interventions and 
platforms, which are an increasing focus for public health approaches. Nonetheless, it will be critical to 
expand the recruitment of the PROTECT study to improve representation of wider demographic 
groupings.    
Finally, the size of the R square statistic for each of the cognitive tasks remains relatively small, 
indicating that other variables also impact on the model, most likely individual cognitive ability amongst 
others.  However, the findings reach statistical significance and, when applied at a population level, as is 
seen with the estimates of PAF for modifiable risk factors, the demonstration that some factors can have 
an impact on cognitive function in mid- life and old age provides greater emphasis for a preventative 
approach to cognitive decline. 
 
Conclusion 
This study provides evidence that potentially modifiable factors for dementia such as education, 
depression, perceived social isolation, diabetes and exercise are associated with cognitive function in 
non-demented individuals in mid-life and older age.  This suggests that not only should these factors be 
targeted to reduce future dementia risk, but also to potentially improve cognitive function and provides 
further support for public health interventions that seek to manage these risk factors across the 
lifespan. 
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Table 1: Demographic information for all participants. 
 Total %   Total % 
ETHNICITY   AGE   
White 13953 98.3 50-54 2335 16.4 
Mixed 81 0.57 55-59 3213 22.6 
Asian 84 0.59 60-64 3603 25.4 
Black 43 0.30 65-69 2957 20.8 
Other 40 0.28 70-74 1382 9.7 
   75-79 510 3.6 
MARITAL STATUS   80-84 153 1.1 
Married 9725 68.5 85-89 43 .3 
Widowed 876 6.2 >90 5 .0 
Separated 249 1.8    
Divorced 1536 10.8 EMPLOYMENT    
Civil partner 84 .6 Employed full 3089 21.8 
Co-habiting 887 6.2 Employed part 2332 16.4 
Single 844 5.9 Self employed 1511 10.6 
   Retired 6843 48.2 
GENDER   Unemployed 426 3.0 
Male 4049 28.5    
Female 10152 71.5    
      
 
  
Table 2: Risk factor variables  
 NUMBER %  NUMBER % 
EDUCATION BMI 
GCSE 2264 15.9 underweight 148 1.0 
A level 1650 11.6 normal 6712 47.3 
Vocational 2858 20.1 overweight 4801 33.8 
Undergrad 4638 32.7 obese 2284 16.1 
Postgrad 2311 16.3 very obese 245 1.7 
PhD 480 3.4    
  
SMOKING STROKE 
Ever smoked- no 7576 53.3 Stroke no 13989 98.5 
Ever smoked- yes 6625 46.7 Stroke yes 212 1.5 
  
DEPRESSION HEART DISEASE 
Depression- no 10526 74.1 Heart disease-no 13520 95.2 
Depression- yes 3675 25.9 Heart disease-yes 681 4.8 
  
EXERCISE HYPERTENSION 
Exercise no 4710 33.2 BP no 10547 74.3 
Exercise yes 9491 66.8 BP yes 3654 25.7 
    
CLOSE RELATIONSHIP ALCOHOL INTAKE   
None 1058 7.5 Never 896 6.3 
Rarely 617 4.3 < 1 month 1667 11.7 
Sometimes 3080 21.7 < 1 week 2059 14.5 
Often 2633 18.5 > 1 week 9582 67.5 
Very often 6813 48.0    
    
DIABETES      
Diabetes no 13646 96.1    
Diabetes yes 555 3.9    










VERBAL REASON DIGIT SPAN SWM 
 β ( Std error) 
 
β ( Std error) β   (Std error) β ( Std error) 
(Constant) 4.541 (.046)*** 26.167 (0.543)*** 7.190 (0.088)*** 8.090 (0.137)*** 
EDUCATION 
 (ref GCSE) 
    
A level 0.057 (0.023)* 2.681 (0.271)*** 0.226 (0.044)*** 0.114 (0.068) 
Vocational 0.025 (0.020) 2.020 (0.235)*** 0.085 (0.038)* 0.187 (0.059)** 
Undergrad 0.098 (0.019)*** 4.828 (0.218)*** 0.275 (0.035)*** 0.400 (0.055)*** 
Postgrad 0.043 (0.021)* 4.845 (0.251)*** 0.298 (0.041)*** 0.174 (0.063)** 
PhD 0.102 (0.036)** 6.460 (0.422)*** 0.387 (0.069)*** 0.506 (0.106)*** 
     
AGE (yrs.)  
(ref 50-54 ) 
    
55-59 -0.082 (0.019)*** -0.998 (0.226)*** -0.042 (0.037) -0.167 (0.057)** 
60-64 -0.163 (0.019)*** -1.928 (0.223)*** -0.077 (0.036)* -0.452 (0.056)*** 
65-69 -0.266 (0.020)*** -3.155 (0.237)*** -0.147 (0.039)*** -0.703 (0.060)*** 
70-74 -0.417 (0.025)*** -5.435 (0.294)*** -0.397 (0.048)*** -1.063 (0.074)*** 
75-79 -0.568 (0.036)*** -6.981 (0.421)*** -0.491 (0.068)*** -1.400 (0.106)*** 
80-84 -0.639 (0.060)*** -8.441 (0.711)*** -0.820 (0.116)*** -1.674 (0.179)*** 
85-89 -0.809 (0.110)*** -9.623 (1.291)*** -1.210 (0.210)*** -2.474 (0.324)*** 
>90 -0.179 (0.316) -4.369 (3.725) -0.892 (0.606) -0.357 (0.936) 
     
GENDER  
M vs F 
-0.035 (0.014)* 0.139 (0.164) -0.142 (0.027)*** -0.453 (0.041)*** 
     
MARITAL STATUS 
(ref married) 
    
Widowed 0.054 (0.026)* -0.093 (0.306) 0.039 (0.050) 0.204 (0.077)** 
Separated -0.010 (0.045) 0.652 (0.535) 0.020 (0.087) 0.005 (0.135) 
Divorced 0.014 (0.020) 0.513* (0.235) -0.025 (0.038) 0.109 (0.059) 
Civil partnership -0.111 (0.077) -1.081 (0.913) 0.032 (0.148) -0.085 (0.229) 
Co-habiting 0.022 (0.025) 0.269 (0.293) 0.020 (0.048) -0.052 (0.074) 
Single 0.031 (0.026) 0.869 (0.307)** 0.147 (0.050)** -0.018 (0.077) 
     
*p < 0.05, **p < 0.01, ***p < 0.001, ref = reference value for regression 
DIGIT SPAN = digit span task; PAL = Paired associates learning task; VERBAL REASON = verbal reasoning 
task; SWM = spatial working memory task. 
 




VERBAL REASON DIGIT SPAN SWM 
 β ( Std error) 
 
β ( Std error) β   (Std error) β ( Std error) 
(Constant) 4.541 (.046)*** 26.167 (0.543)*** 7.190 (0.088)*** 8.090 (0.137)*** 
SMOKING -0.019 (0.012) 0.421 (0.144)** 0.030 (0.023) -0.066 (0.036) 
     
EXERCISE 0.020 (0.013) 1.095 (0.151)*** 0.130 (0.025)*** 0.031 (0.038) 




    
Rarely 0.073 (0.013)* 2.645 (0.424)*** 0.184 (0.069)** 0.273 (0.107)* 
Sometimes 0.064 (0.025)* 2.716 (0.298 )*** 0.228 (0.049)*** 0.362 (0.075)*** 
Often 0.072 (0.026)** 2.261 (0.306)*** 0.249 (0.050)*** 0.390 (0.077)*** 
Very often 0.096 (0.024)*** 2.417 (0.280)*** 0.255 (0.045)*** 0.435 (0.070)*** 
     
ALCOHOL  
(ref never) 
    
< 1 MONTH 0.050 (0.029) 0.036 (0.345) -0.031 (0.056) 0.126 (0.087) 
< 1 WEEK 0.057 (0.028)* 0.400 (0.334) -0.003 (0.054) 0.170 (0.084)* 
>1 WEEK 0.074 (0.025)** 1.101 (0.294)*** 0.100 (0.048)* 0.238 (0.074)** 
     
DEPRESSION -0.049 (0.014)*** 0.227 (0.163) -0.115 (0.027)*** -0.199 (0.041)*** 
     
BP -0.026 (0.014) -0.046 (0.170) -0.053 (0.028) -0.046 (0.043) 
     
DIABETES 0.009 (0.032) 0.117 (0.371) 0.036 (0.060) -0.230 (0.093)* 
     
BMI  
(ref normal bmi) 
    
Underweight -0.131 (0.059)* -1.725 (0.692)* -0.171 (0.112) -0.422 (0.174)* 
Overweight 0.026 (0.014) 0.135 (0.161) -0.029 (0.026) -0.009 (0.040) 
Obese 0.033 (0.018) 0.105 (0.210) -0.101 (0.034)** -0.085 (0.053) 
Very obese 0.086 (0.047) 0.349 (0.549) -0.028 (0.089) -0.013 (0.138) 
     
STROKE -0.053 (0.049) -2.263 (0.583)*** -0.202 (0.095)* -0.423 (0.147 )** 
     
HEART DISEASE -0.053 (0.029) -0.075 (0.338) -0.020 (0.055) -0.129 (0.085) 
     
*p < 0.05, **p < 0.01, ***p < 0.001, ref = reference value for regression 
DIGIT SPAN = digit span task; PAL = Paired associates learning task; VERBAL REASON = verbal reasoning 
task; SWM = spatial working memory task. 
 
